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First Generalized Sneckle-Noise Pattern Reduction Methnti 
Of The Pr esent Invention 



Prior to illumination of the target witli the planar laser illumination beam 
(PLIB), modulate the spatial phase of the transmitted PUB along the planar 
extent thereof according to a spatial phase modulation function (SPMF) so as 
to modulate the phase along the wavefront of the transmitted PLIB and 
produce numerous substantially different time-varying speckle-noise 
patterns at the image detection array of the IFD Subsystem during the photo- 
integration time period thereof. 



Temporally average the numerous substantially different time-varying 
speckle-noise patterns produced at the image detection array in the IFD 
Subsystem during the photo-integration time period thereof, so as to thereby 
reduce the power of the speckle-noise pattern observed at the image 
detection array. 
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The Second Generalized SpecMe- Noise Tattern Reduction Method 
Of The Present Invention 



Prior to illumination of the target with the planar laser illumination beam 
(PLIB), modulate the temporal intensity of the transmitted PLIB along the 
planar extent thereof according to a temporal intensity modulation function 
(TIMF) so as to modulate the phase along the wavefront of the transmitted 
PLIB and produce numerous substantially different time-varying speckle- 
noise patterns at the image detection array of the IF1> Subsystem during the 
photo-integration time period thereof. 



Temporally average the numerous substantially different time-varying 
speckle-noise patterns produced at the image detection array in the IFD 
Subsystem during the photo-integration time period thereof, so as to thereby 
reduce power of the speckle-noise pattern observed at the image detection 
array. 
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The Third Generalized Speckle-No ise Pattern Reduction Method 
Of The Present Invention 



Prior to iUumination of the target with the planar laser iUumination beam 
(PLIB), modulate the spatial intensity of the transmitted PLIB along the I 
planar extent thereof according to a spatial intensity modulation function \ 
(SIMF) so as to modulate the phase along the wavefront of the transmitted 
PLIB and produce numerous substantially different time-varying speckle- 
noise patterns at the image detection array of the IFD Subsystem during the 
photo-iiitegration time period thereof. 

Temporally average the numerous substantially different time-varymg 
speckle-noise patterns produced at the image detection array in the IFD 
Subsystem during the photo-integration time period thereof, so as to thereby 
reduce power of the speckle-noise pattern observed at the image detection 
array. 



The j^Wjfceneralized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 



After illumination of the target with the planar laser illumination beam 
(PLIB), modulate the spatial intensity of the reflected/scattered (i.e. received) 
PLIB along the planar extent thereof according to a spatial intensity 
modulation function (SIMF) so as to modulate the phase along the wavefront. 
of the received PUB and produce numerous substantially different time- 
varying speckle-noise patterns at the image detection array of the IFD 
Subsystem during the photo-integration time period thereof. 




Temporally average the many substantially different time-varying speckle- 
noise patterns produced at the image detection array in the IFD Subsystem 
during the photo-integration time period thereof, so as to thereby reduce the 
speckle-noise pattern observed at the image detection array. 



^ J^^ Generalized Speckle-Noise Pattern Reduction Method 
Of The Present Invention 



After illumination of ther target with the planar laser illumination beam 
(PLIB), modulate th^ ^temporal intensity of the reflected/scattered (i.e. 
received) PLIB along the planar extent thereof according to a temporal 
intensity modulation function (TIMF) so as to modulate the phase along the 
wavefront of the received PLIB and produce many substantially different 
time-varying speckle-noise patterns at the image detection array of the IFD 
Subsystem during the photo-integration time period thereof. ^ 
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Temporally average the many substantially different time-varying speckle- 
noise patterns produced at the image detection array in the EFD Subsystem 
during the photo-Integration time period thereof, so as to thereby reduce the 
speckle-noise pattern observed at the image detection array. 



Pixel power danslty s/s. object distance (generaJ exampie) 



0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 

Object distance (m) 



Fr<^- /Ml 




Figura 4r Pian*r to*»r be*m height vs. objact distance (for object dwtance focus) 
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PLLIM-B ASED PACKAGE IDENTIFICATION AND 
DIMENSIONING (PID) SYSTEM 



I Image Processing Computer | ^ 21 



LDIP Package 
Dimensioner with 
Integrated Package 
Velocity Detection 



Auto-Focus/ Auto-2bom 
Digital Camera 



Camera Control Computer 
Subsystem 

(Figs. 24A, 24B. 25, 26, 27, 
28, 29) 
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Real-Time Package Height 
Profiling and Edge- 
Detection Processing 
Velocrty Module 
► (Figs. 21, 22. 23) 



LDIP Subsystem (122) 



FIG. 14 



LDIP REAL-TIME PACKAGE HEIGHT PROFILE AND 
EDGE DETECTION METHOD 



■ coortrn«Lfromtteeig«ofa»bdtCX..XJ 



Real-Time Padcage 
Height Profiling and 
Edge Detection 
Processing Module 
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LDIP Real Time Package Edge Detection 




Xa - locitioa of belt left eisK 3Cb - locatiop of bdt rigbt edge 
la - belt edge edge pixd; lb -belt rifiht tdgt pixel 
LPE - Left packasc edge; BPE - Ri^ package edg e 
HQ - Pixel height ainy, X[] - Pix^ location ajny 
win = jHtckase (fetectioa window 
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INFORMATION MEASURED AT SCAN ANGLES BEFORE 
COORDINATE TRANSFORMS 

a 192= a I, 

I I t I I I i I I - 1 I I I I I I I 

a. a,, 
(x,y)ai 

Fig. 17A 



RANGE AND POLAR ANGLE MEASURES TAKEN AT SCAN 
ANGLE a BEFORE COORDINATE TRANSFORMS 
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Fig. 17B 



MEASURED PACKAGE HEIGHT AND POSITION VALUES 
AFTER COORDINATE TRANSFORMS 



H[ ] 

Input height after 
coordinate transforms 
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x(a^ 
(aj) and 

measured at left belt edge 



height value y(aj) and 

position value x(ai) Fig. 17C 



CAMERA CONTROL PROCESS CARRIED OUT WITHIN THE 
CAMERA CONTROL SUBSYSTEM OF EACH OBJECT ATTRIBUTE ACQLTSITION ^> 
AND ANALYSIS SYSTEM ^ ^ 



Start 
_i_ 



Camera Control Conputer receives a time-stamped quintuple Data Set (i.e. coorditiate of Left 
Package Edge, coordinate of Right Package Edge, height, velocity, and time-stamp) from the LDIP 
Subsystem and store the Data Set in a Paikage Data Buffer Structure having N=5 columns and M 
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Camera Control CoiT?>uter analyzes height data in the Package Data Buffer and detect the o< 
of detecting height discontinuities, and based on such detected height discontinuities, determines the 
corresponding coordinate position of the leading package edges specified by left-most and right-most 
coordinate values associated with the data set at tins detected height discontinuity. 



Camera Control Coti5>uter determines the height of the package associated w 
leading package edges determired at Stock B above. 



Camera Control Conputer 
transforms the position of left and 
right padcage edge (LPE, RPE5 
coordinates buffered in the 
deepest row of the Data Package 
Buffer at which the height value 
was determined at Block D to a 
Global Coordinate Reference 
System symbolically embedded in 
the conv^or belt structure 
beneath the LDIP Subsystem, as 
shown in Fig. 17. 



Camera Control 
Computer analyzes the 
height values (i.e. 
coordinates) computed 
over previous raw data 
set processing cycles, 
and stored in the 
Package Data Buffer, 
and determines the 
"median" height of 
package. 
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Camera Control Corr^uter 
analyzes hdght value 
Package Data Buffer, and 
determines the speed of 
package (V^(t)). 
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X coordinate subrange where maximum 
rang* "intensity" variations have been 
detected 



Left Package 


i Right Package / Package Time-stamp ; 


Edge (LDE) 


Package Height (li) Edge (RPE) » Velocity ' (nT) ! 























































































Row 3 
Row 4 
Row 5 



Package Data Buffer (FIFO) 

I 



Colunms 



Camera Pixel Data Buffer 
pixel indices (ij,) 



Fig. 20 



B 


2.47E-05 
10.99009783 
20.65783177 
29.10917002 
36.47312595 
42.67845436 
48.44003358 
53.25495831 
57.40834303 
60.98883616 


Focus group distanc 
Y (Focus) 






19228 
19696 
3434 
7314 
3565 
4358 
9114 
4775 
9366 
2739 


ce(mm) 


21.5748 
19.3808 
17.1067 
^4.7713 
12.3915 
9.97911 
7.54063 
5.07879 
2.59598 
0.09997: 
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Parcel ID, Parcel Stan/Stop 
Left Edge, Right Edge, Height every 1 0 rr 
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I Encoder 



Barcode Data, 

4x 1 kBytes 
Binarized Image Dat , 

4x 100 kBytes 




For each package transported through tunnel system, master unit (with package dimensioning 
subsystem and velocity detection subsystem) generates package height, width, length and 
velocity data {H,W,L,V}q, referenced with respect to global coordinate reference system 
Rjioi^, and transmits sudi package dmension data to each slave unit downstream, using the 
system's data communications network. 



Each slave unit receives the transmitted package height, width and length data [H,WJ„ 
this coordinate infcrmation into the slave unit's local coordinate reference 



; system j 







The camera control computer in each slave unit uses the converted package height, width, 
length data (H,WI,), and package velocity data to generate camera control signals for driving 
the camera subsystem in the slave unit to zoom and focus in on the transported package as it 
moves by the slave unit, while ensuring that captured images having substantially constant 
O.P.I. Resolution and 1:1 aspect ratio. 



FIG. 32A 



Each slave unit captures images acquired by its intelligently controlled camera subsystem, 
buffers the same, and processes the images to decode bar code symbol identifiers representei 
in said images, and/or to perform optical charaaer recognition (OCR) thereupon. 



The slave unit which decodes a bar code symbol in a processed image automatically tiansrnii 
a package idetitifttation data element (containing symbol character data representative of the 
decoded bar code symbol) to the master unit (or other designated system control unit 
employing data efcment management functionalities) for package data element processing. 



Master unit time-stamps received package ideniificaQon data element, places said data 
element in a data queue, and processes package identification data elements and time-stamped 
package dimension data elements in said queue to link each package identificadon data 
element with one said corresponcSng package dimension data element. 



FIG. 32B 




FIG,. 37 
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